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MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a nonvolatile memory 

device which can write, read, and erase data electrically. 
2. Description of the Related Art 
As a memory device, a dynamic random access memory 

(DRAM) and a static random access memory (SRAM) which 
are categorized as a volatile memory; a mask read only 
memory (ROM), an electrically programmable read only 
memory (EPROM), an electrically erasable and program 
mable read only memory (EEPROM), a flash memory, and a 
ferroelectric random access memory which are categorized as 
a nonvolatile memory; and the like are given. Among the 
above memory devices, flash memories are widely marketed, 
which are mainly used for mobile storage media such as USB 
memories and memory cards. The reason of this is that flash 
memories are resistant to physical impact and can be conve 
niently used because they are non-volatile memories which 
can repeatedly write and delete data and can store data with 
out being Supplied with power. 
The types of flash memory include NAND flash memories 

in which a plurality of memory cells is connected in series and 
NOR flash memories in which a plurality of memory cells is 
arranged in a matrix. Both of these flash memories have a 
transistor which functions as a memory element in each 
memory cell. Further, the transistor which functions as a 
memory element has a layer for accumulating electric charge, 
which is called floating gate, between a control gate and a 
channel region formed in a semiconductor Substrate. The 
accumulation of electric charge in the floating gate enables 
storage of data (see Patent Document 1). 
A NAND memory device includes a plurality of NAND 

cell units each including a plurality of adjacent memory cells. 
In each NAND cell unit, memory cells are connected in series 
and each memory cell has a common source or drain (an 
impurity region) with an adjacent memory cell. One ofter 
minals of each NAND cell unit is connected to a common 
source line via a first selection transistor. The other of the 
terminals of each NAND cell unit is connected to a bit line via 
a second selection transistor. In the memory device, the selec 
tion gates of the first selection transistors connected to the 
respective NAND cell units are connected to one another; the 
selection gates of the second selection transistors connected 
to the respective NAND cell units are also connected to one 
another, the control gates of the memory cells in the same row 
are connected to one another. 

In the NAND memory device, after a memory cell is put in 
an erased state, i.e., the memory cell is set to “1”. “O'” is 
written into the memory cell. In order to write “O'” into the 
memory cell, one of the first selection transistor and the 
second selection transistor is turned off and the other is turned 
on. On the other hand, in order to hold “1” in the memory cell, 
the first selection transistorand the second selection transistor 
are both turned off. 

REFERENCE 

Patent Document 

Patent Document 1 Japanese Published Patent Application 
No. H11-121721 

SUMMARY OF THE INVENTION 

During when “1” is held, however, slight leakage current 
occurs in the first selection transistor and the second selection 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
transistor, which causes a write error. Alternatively, in order to 
hold the off-state of the second selection transistor, a control 
circuit for controlling the second selection transistor needs to 
be provided additionally, which causes an increase in the size 
of a memory device. 

In view of the above, an object of one embodiment of the 
present invention is to provide a memory device in which a 
write error can be prevented. 
One embodiment of the present invention is a memory 

device which includes a NAND cell unit including a plurality 
of memory cells connected in series, a first selection transistor 
connected to one ofterminals of the NAND cell unit, a second 
selection transistor connected to the other of the terminals of 
the NAND cell unit, a source line connected to the first selec 
tion transistor, and a bit line which intersects with the source 
line and is connected to the second selection transistor. In the 
memory device, a channel region of each of the first selection 
transistor and the second selection transistor is formed in an 
oxide semiconductor layer. 

Another embodiment of the present invention is a memory 
device which includes a NAND cell unit including a plurality 
of memory cells connected in series, a first selection transistor 
provided between a first terminal of the NAND cell unit and 
a source line and connected to the first terminal of the NAND 
cell unit and the source line, and a second selection transistor 
provided between a second terminal of the NAND cell unit 
and a bit line and connected to the second terminal of the 
NAND cell unit and the bit line. In the memory device, a 
channel region of each of the first selection transistor and the 
second selection transistoris formed in an oxide semiconduc 
tor layer. 

Another embodiment of the present invention is a memory 
device which includes a first selection transistor including a 
first terminal connected to a source line, and a second termi 
nal connected to a first terminal of a NAND cell unit including 
memory cells connected in series; and a second selection 
transistor including a first terminal connected to a bit line, and 
a second terminal connected to a second terminal of the 
NAND cell unit including the memory cells connected in 
series. In the memory device, a channel region of each of the 
first selection transistor and the second selection transistor is 
formed in an oxide semiconductor layer. 

Note that the first selection transistor and the second selec 
tion transistor overlap with the NAND cell unit with an insu 
lating layer interposed therebetween. 
The oxide semiconductor layer includes two or more ele 

ments selected from In, Ga, Sn, and Zn. 
Use of a transistor in which an oxide semiconductor layer 

is used for a channel region as a selection transistor can 
prevent a write error in a memory device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a top view illustrating a memory device according 

to one embodiment of the present invention; 
FIG. 2 is a cross-sectional view illustrating a memory 

device according to one embodiment of the present invention; 
FIG. 3 is a circuit diagram illustrating a memory device 

according to one embodiment of the present invention; 
FIGS. 4A and 4B are circuit diagrams illustrating an opera 

tion of a memory device according to one embodiment of the 
present invention; 
FIGS.5A and 5B are circuit diagrams illustrating an opera 

tion of a memory device according to one embodiment of the 
present invention; 
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FIG. 6 is a circuit diagram illustrating an operation of a 
memory device according to one embodiment of the present 
invention; 

FIG. 7 is a block diagram illustrating a memory device 
according to one embodiment of the present invention; 

FIGS. 8A to 8C are cross-sectional views illustrating a 
method for manufacturing a memory device according to one 
embodiment of the present invention; 

FIGS. 9A to 9C are cross-sectional views illustrating the 
method for manufacturing a memory device according to one 
embodiment of the present invention; 

FIG.10 is a cross-sectional view illustrating the method for 
manufacturing a memory device according to one embodi 
ment of the present invention; and 

FIGS. 11A to 11D are cross-sectional views each illustrat 
ing a memory device according to one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, embodiments of the present invention are 
described with reference to the drawings. Note that the 
present invention is not limited to the following description. It 
is easily understood by those skilled in the art that the modes 
and details can be variously changed unless departing from 
the scope and spirit of the present invention. Therefore, the 
present invention should not be interpreted as being limited to 
the description of the embodiments given below. Note that 
reference numerals denoting the same portions are commonly 
used in different drawings. 

The size, the thickness of a layer, and a region of each 
structure illustrated in the drawings and the like in the 
embodiments are exaggerated for simplicity in some cases. 
Therefore, embodiments of the present invention are not lim 
ited to such scales. 
The terms with ordinal numbers such as “first', 'second, 

and “third in this specification are used in order to identify 
components, and the terms do not limit the components 
numerically. 

Note that voltage refers to a potential difference between a 
predetermined potential and a reference potential (e.g., a 
ground potential) in many cases. Therefore, Voltage, potential 
and a potential difference can be referred to as potential, 
Voltage, and a voltage difference, respectively. 

Note that both a source electrode and a drain electrode in a 
transistor are connected to a semiconductor layer. Current 
flows in accordance with a potential difference between the 
source electrode and the drain electrode when voltage is 
applied to a gate electrode; therefore, the Source electrode and 
the drain electrode may be exchanged for each other depend 
ing on an operation, and it is difficult to identify the positions 
of the source electrode and the drain electrode. Therefore, in 
the case of describing a structure of a transistor, the terms a 
“pair of electrodes' are used. Alternatively, the terms “one of 
the pair of electrodes' and “the other of the pair of electrodes’ 
are used. Further alternatively, the terms a “source electrode' 
and a "drain electrode' are used. There is no particular dif 
ference in meaning depending on Such terms. 

In addition, the expression two elements are “connected 
means that two different elements are electrically connected 
to each other via a wiring, an element, an electrode, or the like 
as well as that two different elements are directly connected to 
each other. 

Embodiment 1 

In this embodiment, a NAND memory device in which a 
transistor including an oxide semiconductor layer is used as a 
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4 
selection transistor for controlling the potential of a channel 
region of a Memory cell will be described with reference to 
FIG. 1, FIG. 2, and FIG. 3. 

FIG. 3 is a circuit diagram illustrating a NAND memory 
cell array included in a memory device. A NAND cell unit N1 
is connected to a source line SL via a first selection transistor 
S1, and connected to a bit line BL via a second selection 
transistor S2. In the NAND cell unit N1, a plurality of 
memory cells (M0 to M31) is connected in series. In other 
words, one of a source and a drain of the first selection 
transistor S1 is connected to the source line SL. One of 
terminals of the NAND cell unit N1 is connected to the other 
of the source and the drain of the first selection transistor S1. 
The other of the terminals of the NAND cell unit N1 is 
connected to one of a source and a drain of the second selec 
tion transistor S2. The other of the source and the drain of the 
second selection transistor S2 is connected to the bit line BL. 
A block BLK1 is formed by a plurality of NAND cell units, a 
plurality of first selection transistors S1, and a plurality of 
second selection transistors S2. 

In one row in the block BLK1, the first selection transistor 
S1 and the other first selection transistors are connected to a 
selection gate line SG1. In one row in the block BLK1, the 
second selection transistor S2 and the other second selection 
transistors are connected to a selection gate line SG2. In one 
row in the block BLK1, a memory cell in the NAND cell unit 
N1 and the other memory cells are connected to a common 
word line. In FIG. 3, there are 32 word lines in the block. 
BLK1 (word lines WLO to WL31). 

Next, a top view structure and a cross-sectional structure of 
the first selection transistor S1, the NAND cell unit N1, and 
the second selection transistor S2 will be described with 
reference to FIG. 1 and FIG. 2. 

FIG. 1 is a top view of the NAND cell unit N1, FIG. 2 is a 
cross-sectional view taken along dashed-and-dotted line A-B 
in FIG. 1. Note that the first selection transistor S1 and the 
second selection transistor S2 in FIG. 3 corresponds to a 
selection transistor 141 and a selection transistor 143 in FIG. 
2, respectively. 

In the NAND cell unit N1, memory cells 115 adjoin with 
one another and each memory cell 115 has a common source 
or drain (an impurity region 105) with an adjacent memory 
cell 115; thus, the memory cells 115 are connected in series. 
An insulating layer 117 is provided over the memory cells 
115. The selection transistors 141 and 143 are provided over 
the insulating layer 117. 
An electrode 129 which is one of a pair of electrodes of the 

selection transistor 141 serves as the source line SL. An 
electrode 127 which is the other of the pair of electrodes of the 
selection transistor 141 is connected to the impurity region 
105 which is one of terminals of a memory cell 115 through 
an opening 126 formed in the insulating layer 117. 
An electrode 131 which is one of a pair of electrodes of the 

selection transistor 143 is connected to the impurity region 
105 which is the other of terminals of the memory cell 115 
through an opening 130 formed in the insulating layer 117. 
An electrode 133 which is the other of the pair of electrodes 
of the selection transistor 143 is connected to a conductive 
layer 147 through an opening 146 formed in insulating layers 
139 and 145 over the selection transistors 141 and 143. Note 
that the conductive layer 147 serves as the bit line BL. A 
feature of this embodiment is that the selection transistors 141 
and 143 are transistors in which an oxide semiconductor layer 
is used for a channel region. 

Since an oxide semiconductor has a wide energy gap, a 
transistorin which an oxide semiconductor layer is used for a 
channel region has an extremely low off-state current. Hence, 



US 8,421,071 B2 
5 

use of Such transistors including an oxide semiconductor 
layer as the selection transistors 141 and 143 leads to a reduc 
tion in leakage current. Therefore, a write error in a memory 
device can be prevented. Further, the selection transistors 
overlap with the NAND cell unit with the insulating layer 
interposed therebetween, which enables high integration of 
the memory device. 

Next, one mode of the structure of the memory cell 115 will 
be described below. 

The memory cell 115 includes a semiconductor substrate 
101 including the impurity region 105, and a first insulating 
layer 107, a floating gate electrode 109, a second insulating 
layer 111, and a control gate electrode 113 which are stacked 
over the semiconductor substrate 101. A channel region 
formed in the semiconductor substrate 101 is positioned 
between the impurity regions 105 formed in the semiconduc 
tor Substrate 101 and in a region overlapping with the floating 
gate electrode 109 and the control gate electrode 113. 

Typical examples of Substrates used as the semiconductor 
Substrate include a single crystal silicon Substrate (a silicon 
wafer) having n-type or p-type conductivity, and a compound 
semiconductor Substrate (e.g., a SiC Substrate, a Sapphire 
substrate, or a GaN substrate). A silicon-on-insulator (SOI) 
Substrate can also be used as the semiconductor Substrate. 
Examples of the SOI substrate that can be used as the semi 
conductor substrate include a so-called SIMOX (separation 
by implanted oxygen) Substrate which is formed in Such a 
manner that after an oxygen ion is implanted into a mirror 
polished wafer, an oxide layer is formed at a certain depth 
from the Surface and defects generated in a Surface layer are 
eliminated by high-temperature heating; an SOI substrate 
formed by the Smart-Cut process in which a semiconductor 
Substrate is cleaved by utilizing growth of a minute Void, 
which is formed by implantation of a hydrogen ion, by heat 
treatment; and an SOI substrate formed by ELTRAN (epi 
taxial layer transfer: a registered trademark of Canon Inc.); or 
the like. 
A pair of impurity regions 105 serves as a source and a 

drain of the memory cell 115. In the case where the semicon 
ductor substrate 101 has p-type conductivity, the impurity 
region 105 is formed by addition of an n-type impurity such as 
phosphorus or arsenic. On the other hand, in the case where 
the semiconductor substrate 101 has n-type conductivity, the 
impurity region 105 is formed by addition of a p-type impu 
rity such as boron. Note that the concentration of the impurity 
(n-type impurity or p-type impurity) in the impurity region 
105 is higher than or equal to 1x10'/cm and lower than or 
equal to 1x10'/cm. In this embodiment, a p-type semicon 
ductor substrate is used as the semiconductor substrate 101, 
and n-type impurity regions are formed as the pair of impurity 
regions 105. 
The first insulating layer 107 can serve as a tunnel insulat 

ing layer in a nonvolatile memory element. The second insu 
lating layer 111 can serve as a control insulating layer in a 
nonvolatile memory element. The first insulating layer 107 is 
preferably formed using siliconoxide or a stacked structure of 
silicon oxide and silicon nitride. The thickness of the first 
insulating layer 107 is preferably greater than or equal to 1 nm 
and less than or equal to 10 nmi; further preferably, greater 
than or equal to 1 nm and less than or equal to 5 nm. 

The second insulating layer 111 is formed of one or more 
layers of silicon oxide, silicon nitride, silicon oxynitride, 
aluminum oxide, and the like. The thickness of the second 
insulating layer 111 is greater than or equal to 1 nm and less 
than or equal to 20 nm, preferably greater than or equal to 5 
nm and less than or equal to 10 nm. 
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6 
The floating gate electrode 109 can be formed using a 

conductive layer, a polycrystalline silicon layer, a silicon 
quantum structure, or the like. As the conductive layer, for 
example, a layer including an element selected from tungsten, 
tantalum, titanium, molybdenum, chromium, and nickel; a 
layer including nitride of Such an element (typically, a tung 
Sten nitride layer, a tantalum nitride layer, oratitanium nitride 
layer); an alloy layer in which Such elements are combined 
(typically, a Mo Walloy layer or a Mo Ta alloy layer); or 
a silicide layer of Such an element (typically, a tungsten 
silicide layer, a titanium silicide layer, or a nickel silicide 
layer) can be used. The polycrystalline silicon layer may be 
doped with an impurity Such as phosphorus or boron. The 
silicon quantum structure refers to crystalline silicon in which 
a crystal grain size is several nanometers in diameter. The 
silicon quantum structure is also called silicon dot. 

Instead of the floating gate electrode 109, a charge accu 
mulation layer formed using silicon nitride, germanium 
nitride, or the like may be used. 
The control gate electrode 113 is preferably formed using 

a metal selected from metals such as tantalum, tungsten, 
titanium, molybdenum, chromium, and niobium, or an alloy 
material or a compound material including any of the metals 
as its main component. Further, polycrystalline silicon to 
which an impurity element such as phosphorus is added can 
be used. Furthermore, the control gate electrode 113 may be 
formed to have a stacked structure of a layer of a metal nitride 
and a layer of any of the above metals. Examples of the metal 
nitride include tungsten nitride, molybdenum nitride, and 
titanium nitride. The metal nitride layer leads to improvement 
in adhesion of the layer of a metal; therefore, separation of 
layers can be prevented. 

Although not shown, adjacent NAND cell units are sepa 
rated by an element separation layer. 
A spacer formed oran insulating layer may be formed on a 

sidewall of the first insulating layer 107, the floating gate 
electrode 109, the second insulating layer 111, and the control 
gate electrode 113. The spacer is effective in preventing leak 
age current at an edge of the floating gate electrode 109 and an 
edge of the control gate electrode 113. In addition, by utiliz 
ing the spacer, low-concentration impurity regions can be 
formed under the spacer. Each of Such low-concentration 
impurity regions serves as a lightly doped drain (LDD). 
Although the low-concentration impurity regions are not nec 
essarily formed, the low-concentration impurity regions 
relieves the electric field at an edge of a drain; thus, deterio 
ration of a memory cell can be suppressed. 

Although not shown, in the case where the semiconductor 
Substrate 101 has n-type conductivity, a p-well region into 
which a p-type impurity is implanted may be formed and a 
p-channel transistor may beformed in a portion including the 
region; and in the case where the semiconductor substrate101 
has p-type conductivity, a n-well region into which a n-type 
impurity is implanted may be formed and a n-channel tran 
sistor may be formed in a portion including the region. The 
concentration of n-type impurity or p-type impurity in the 
p-well region or the n-well region is higher than or equal to 
5x10"/cm and lower than or equal to 1x10"/cm. 
The insulating layer 117 is provided over the memory cell 

115. The insulating layer 117 functions as an interlayer insu 
lating layer that insulates the memory cells 115 from the 
selection transistors 141 and 143. Examples of the insulating 
layer 117 include a silicon oxide layer, a silicon nitride layer, 
a silicon oxynitride layer, and a silicon nitride oxide layer. 
Alternatively, a layer formed including an organic material 
Such as an epoxy resin, polyimide, polyamide, polyvinylphe 
nol, benzocyclobutene, or acrylic; or a layer formed including 
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a siloxane material Such as a siloxane resin can be used. 
Further, the insulating layer 117 is preferably formed includ 
ing a low-dielectric constant material having a dielectric con 
stant of about 4 or lower, such as SiOF, SiOC, DLC, porous 
silica, or the like. Such a low-dielectric constant material 5 
having a dielectric constant of 4 or lower is also called low-k 
material. With use of Such an insulating layer formed using a 
low-k material, capacitance between wirings can be lowered 
and thus power consumption can be reduced. 
The selection transistor 141 includes a gate electrode 121 10 

provided over the insulating layer 117, a gate insulating layer 
125 covering the insulating layer 117 and the gate electrode 
121, the pair of electrodes 127 and 129 provided over the gate 
insulating layer 125, and an oxide semiconductor layer 135 in 
contact with the gate insulating layer 125 and the pair of 15 
electrodes 127 and 129. The electrode 129 which is one of the 
pair of electrodes of the selection transistor 141 serves as the 
source line SL. The electrode 127 which is the other of the 
pair of electrodes is connected to the impurity region 105 of 
the memory cell 115 through the opening 126 formed in the 20 
insulating layer 117 and the gate insulating layer 125. 
The selection transistor 143 includes a gate electrode 123 

provided over the insulating layer 117, the gate insulating 
layer 125 covering the insulating layer 117 and the gate 
electrode 123, the pair of electrodes 131 and 133 provided 25 
over the gate insulating layer 125, and an oxide semiconduc 
tor layer 137 in contact with the gate insulating layer 125 and 
the pair of electrodes 131 and 133. The electrode 131 which is 
one of the pair of electrodes is connected to the impurity 
region 105 of the memory cell 115 through the opening 130 30 
formed in the insulating layer 117 and the gate insulating 
layer 125. The electrode 133 which is the other of the pair of 
electrodes of the selection transistor 143 is connected to the 
conductive layer 147 serving us the bit line BL through an 
opening 146 formed in the insulating layers 139 and 145 
which are formed over the selection transistors 141 and 143. 

For the gate electrodes 121 and 123, a metal element 
selected from aluminum, chromium, copper, tantalum, tita 
nium, molybdenum, and tungsten; an alloy containing any of 
these metal elements as a component; an alloy containing 
these metal elements in combination; or the like. Further, one 
or both metal elements selected from manganese and Zirco 
nium may be used. The gate electrodes 121 and 123 each may 
have a single layer structure or a stacked structure of two or 
more layers. For example, a single layer structure of an alu 
minum layer containing silicon, a two-layer structure in 
which a titanium layer is stacked over an aluminum layer, a 
two-layer structure in which a titanium layer is stacked over a 
titanium nitride layer, a two-layer structure in which a tung 
Sten layer is stacked over a titanium nitride layer, a two-layer 
structure in which a tungsten layer is stacked over a tantalum 
nitride layer, a three-layer structure in which a titanium layer, 
an aluminum layer, and a titanium layer are stacked in this 
order, and the like are given. Alternatively, a layer, an alloy 
layer, or a nitride layer which contains aluminum and one or 
more elements selected from titanium, tantalum, tungsten, 
molybdenum, chromium, neodymium, and Scandium may be 
used. 

For the gate electrodes 121 and 123, a light-transmitting 
conductive material Such as indium tin oxide, indium oxide 
containing tungsten oxide, indium Zinc oxide containing 
tungsten oxide, indium oxide containing titanium oxide, 
indium tin oxide containing titanium oxide, indium Zinc 
oxide, or indium tin oxide to which silicon oxide is added can 
be also used. A stacked structure formed using any of the 
above light-transmitting conductive materials and any of the 
above metal elements is also possible. 
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Further, as a layer in contact with the gate insulating layer 

125, an In-Ga—Zn-based oxide layer containing nitrogen, 
an In-Sn-based oxide layer containing nitrogen, an In-Ga 
based oxide layer containing nitrogen, an In—Zn-based 
oxide layer containing nitrogen, a Sn-based oxide layer con 
taining nitrogen, an In-based oxide layer containing nitrogen, 
a metal nitride layer (InN, ZnN, or the like), or the like is 
preferably provided between the gate electrodes 121 and 123 
and the gate insulating layer 125. These layers each have a 
work function of 5 eV, preferably 5.5 eV or higher and can 
make the threshold voltage which is one of electric charac 
teristics of a transistor positive; accordingly, a so-called nor 
mally-off switching element can be achieved. For example, in 
the case of using an In-Ga—Zn-based oxide containing 
nitrogen, an In-Ga—Zn-based oxide having a higher nitro 
gen concentration than at least the oxide semiconductor layer, 
specifically, an In-Ga—Zn-based oxide having a nitrogen 
concentration of 7 atomic 96 or higher is used. 
The gate insulating layer 125 is formed using an oxide 

insulating layer from which part of oxygen is released by 
heating. The oxide insulating layer from which part of oxygen 
is released by heating is preferably an oxide insulating layer 
which contains oxygen whose amount exceeds the amount of 
oxygen satisfying the Stoichiometric proportion. The oxide 
insulating layer from which part of oxygen is released by 
heating allows oxygen to be diffused into the oxide semicon 
ductor layer 137 by heating. Typical examples of the oxide 
insulating layer that can be applied to the gate insulating layer 
125 include a silicon oxide layer, a silicon oxynitride layer, a 
silicon nitride oxide layer, an aluminum oxide layer, an alu 
minum oxynitride layer, a gallium oxide layer, a hafnium 
oxide layer, and anyttrium oxide layer. 

For the pair of electrodes 127 and 129 and the pair of 
electrodes 131 and 133, a metal element selected from alu 
minum, chromium, copper, tantalum, titanium, molybdenum, 
and tungsten; an alloy containing any of these metal elements 
as a component; an alloy containing these metal elements in 
combination; or the like. Further, one or more metal elements 
selected from manganese, magnesium, Zirconium, and beryl 
lium may be used. The pair of electrodes 127 and 129 and the 
pair of electrodes 131 and 133 each may have a single layer 
structure or a stacked structure of two or more layers. For 
example, a single layer structure of an aluminum layer con 
taining silicon, a two-layer structure in which an aluminum 
layer is stacked over a titanium layer, a two-layer structure in 
which a titanium layer is stacked over a titanium nitride layer, 
a two-layer structure in which a tungsten layer is stacked over 
a titanium nitride layer, a two-layer structure in which a 
tungsten layer is stacked over a tantalum nitride layer, and a 
three-layer structure in which a titanium layer, an aluminum 
layer, and a titanium layer are stacked in this order, are given. 
Alternatively, a layer, an alloy layer, or a nitride layer which 
contains aluminum and one or more elements selected from 
titanium, tantalum, tungsten, molybdenum, chromium, 
neodymium, and Scandium may be used. Provision of a bar 
rier layer Such as a titanium layer, a titanium nitride layer, or 
a tantalum nitride layer in a region in contact with the semi 
conductor substrate 101 can prevent generation of hillock in 
aluminum or aluminum silicon. In the case where a layer of 
titanium, which is an element having a high reducing prop 
erty, is formed as the barrier layer, even when an insulating 
layer, which is formed in Such a manner that a semiconductor 
Substrate is exposed to the atmosphere and oxidized, is 
formed over the semiconductor Substrate, the insulating layer 
can be reduced; thus, a favorable contact between the elec 
trode and the semiconductor substrate can be obtained. 
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Examples of oxides for the oxide semiconductor layers 135 
and 137 include a four-component metal oxide such as an 
In—Sn-Ga—Zn-based oxide; a three-component metal 
oxide Such as an In-Ga—Zn-based oxide, an In Sn—Zn 
based oxide, an In Al-Zn-based oxide, a Sn—Ga—Zn 
based oxide, an Al-Ga—Zn-based oxide, or a Sn—Al-Zn 
based oxide; a two-component metal oxide Such as an 
In—Zn-based oxide, a Sn—Zn-based oxide, an Al-Zn 
based oxide, oran In Ga-based oxide. Further, SiO, may be 
contained in the above oxide semiconductor. Here, for 
example, In-Ga—Zn-based oxide means an oxide contain 
ing indium (In), gallium (Ga), and Zinc (Zn). Note that the 
above metal oxide containing nitrogen at a concentration 
higher than or equal to 1x10'7/cm and lower than 5x10"/ 
cm may be used for the oxide semiconductor layers 135 and 
137. 

Note that the energy gap of the metal oxide which can be 
used for the oxide semiconductor layers 135 and 137 is 2 eV 
or higher, preferably 2.5 eV or higher, further preferably 3 eV 
or higher. With use of Such an oxide semiconductor having a 
wide energy gap off-state current of a transistor can be 
reduced. 
The carrier density of each of the oxide semiconductor 

layers 135 and 137 is lower than 5x10"/cm, preferably 
lower than 1x10"/cm, furtherpreferably lower than or equal 
to 1x10''/cm. In the oxide semiconductor layers 135 and 
137, it is preferable that hydrogen or oxygen deficiency serv 
ing as a donor be little and the hydrogen concentration be 
lower than or equal to 1x10"/cm. 

Such a reduction in hydrogen concentration in the oxide 
semiconductor layers 135 and 137 can improve electric char 
acteristics and reliability of a transistor. 

For the oxide semiconductor layers 135 and 137, a material 
with an amorphous state can be used. Alternatively, a material 
with a mixed state of an amorphous state and a crystalline 
state can be used. 

Alternatively, the oxide semiconductor layers 135 and 137 
may be formed using a non-single-crystal material including 
a phase which has a triangular, hexagonal, regular triangular, 
or regular hexagonal atomic arrangement when seen from the 
direction perpendicular to the a-b plane and in which metal 
atoms are arranged in a layered manner or metal atoms and 
oxygen atoms are arranged in a layered manner when seen 
from the direction perpendicular to the c-axis, that is, a c-axis 
aligned crystalline oxide semiconductor (CAAC oxide semi 
conductor). 
The CAAC oxide semiconductor is not single crystal and, 

in addition, is not composed of only an amorphous compo 
nent. Although the CAAC oxide semiconductor includes a 
crystallized portion (crystalline portion), a boundary between 
one crystalline portion and another crystalline portion is not 
clear in Some cases. 

Nitrogen may be substituted for part of or all of oxygen 
included in the CAAC oxide semiconductor. The c-axes of 
individual crystalline portions included in the CAAC oxide 
semiconductor may be aligned in a certain direction (e.g., a 
direction perpendicular to a surface of a substrate over which 
the CAAC oxide semiconductor layer is formed or a surface, 
layer surface, or interface of the CAAC oxide semiconductor 
layer). Alternatively, the normals of the a-b planes of the 
individual Crystalline portions included in the CAAC oxide 
semiconductor may be aligned in a certain direction (e.g., a 
direction perpendicular to the Surface of a Substrate, the Sur 
face, layer surface, interface of the CAAC oxide semiconduc 
tor, or the like). 

The CAAC oxide semiconductor becomes a conductor, a 
semiconductor, or an insulator depending on its composition 
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10 
or the like. The CAAC oxide semiconductor transmits or does 
not transmit visible light depending on its composition or the 
like. 
An example of a CAAC oxide semiconductor is a material 

which is formed into a layer shape and has a triangular or 
hexagonal atomic arrangement when observed from the 
direction perpendicular to a Surface of the layer, a Surface of 
a Substrate, or an interface and in which metal atoms are 
arranged in a layered manner or metal atoms and oxygen 
atoms (or nitrogen atoms) are arranged in a layered manner 
when a cross section of the layer is observed. 
A transistor including a CAAC oxide semiconductor 

causes only a small change in threshold Voltage before and 
after light irradiation or the BT stress test, and thus has stable 
electrical characteristics. 

With use of an oxide semiconductor layer for a channel 
region of each of the selection transistors 141 and 143, off 
state current can be reduced to lower than or equal to 1x10' 
A/um, and further, lower than or equal to 1x10' A/um. 
Hence, use of Such transistors in which an oxide semiconduc 
tor layer is used for a channel region as the selection transis 
tors 141 and 143 leads to a reduction in leakage current. 
Therefore, a write error in a memory device can be prevented. 
The selection transistors 141 and 143 described in this 

embodiment can have a bottom gate structure including the 
gate electrode formed over the insulating layer 117, the gate 
insulating layer formed over the gate electrode, the oxide 
semiconductor layer overlapping with the gate electrode with 
the gate insulating layerinterposed therebetween, and the pair 
of electrodes formed over the oxide semiconductor layer and 
the gate insulating layer. 

Alternatively, the selection transistors 141 and 143 
described in this embodiment can have a top gate structure 
including the oxide semiconductor layer formed over the 
insulating layer 117, the pair of electrodes formed over the 
oxide semiconductor layer, the gate insulating layer formed 
over the oxide semiconductor layer and the pair of electrodes, 
and the gate electrode overlapping with the oxide semicon 
ductor layer with the gate insulating layer interposed therebe 
tWeen. 

Further alternatively, for the selection transistors 141 and 
143 described in this embodiment, a top gate structure includ 
ing the pair of electrodes formed over the insulating layer 117. 
the oxide semiconductor layer formed over the pair of elec 
trodes, the gate insulating layer formed over the oxide semi 
conductor layer and the pair of electrodes, and the gate elec 
trode overlapping with the oxide semiconductor layer with 
the gate insulating layerinterposed therebetween can be used. 

For the insulating layer 139, a material and a structure 
similar to those of the gate insulating layer 125 can be 
employed as appropriate. 

For the insulating layer 145, a material and a structure 
similar to those of the insulating layer 117 can be employed as 
appropriate. 

Next, writing, erasing, and reading data in the NAND 
memory device according to this embodiment will be 
described in connection with FIGS. 4A and 4B, FIGS.5A and 
5B, and FIG. 6. 

First, data writing will be described. 
A writing operation is carried out after the NAND cell unit 

N1 is in an erased state, i.e., the threshold voltage of each 
memory cell in the NAND cell unit N1 is set negative. Note 
that data in a memory cell is “1” when the threshold voltage is 
negative, and data in the memory cell is “0” when the thresh 
old voltage is positive. Hence, it can be said that when the 
NAND cell unit N1 is in an erased state, “1” is written into all 
memory cells. Writing is sequentially performed from the 
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memory cell M0 on the source line SL side. Description of 
writing into the memory cell MO will be given below as an 
example. 
As illustrated in FIG. 4A, in the case where “0” is written, 

Vcc (a power Supply Voltage) is applied to the selection gate 
line SG2 to turn the second selection transistor S2 on and the 
bit line BL is set to 0 V (a ground voltage), for example. The 
selection gate line SG1 is set to 0 V to turn the first selection 
transistor S1 off. Next, the voltage of the wordline WLO of the 
memory cell MO is set to be a high Voltage Vpgm (approxi 
mately 20V), and the voltages of the other word lines are each 
set to be an intermediate voltage Vpass (approximately 10V) 
which is slightly higher than the power Supply Voltage Vcc. 
Since the voltage of the hit line BL is 0 V, the potential of a 
channel region of the selected memory cell MO is 0 V. A 
potential difference between the word line WL0 and the chan 
nel region is large, and electrons are injected to the floating 
gate electrode of the memory cell M0 due to Fowler-Nord 
heim (F-N) tunnel current (hereinafter referred to as F-N 
tunnel current). Accordingly, the threshold Voltage of the 
memory cell MO is changed to be positive (a state in which 
“0” is written into the memory cell M0). 
On the other hand, as in FIG. 4B, in a memory cell in which 

“1” is held, for example, when the bit line BL is set to Vcc 
(power Supply Voltage), a potential of a source of the second 
selection transistor S2 rises and reaches Vcc-Vth (Vth is a 
threshold voltage of the second selection transistor S2) and 
thus the second selection transistor S2 is turned off. At that 
time, the potentials of channel regions in memory cells of the 
NAND cell unit are also charged to be Vcc-Vth. Therefore, a 
channel region of the memory cell MO is in a floating state. 
Next, when a high voltage Vpgm (20V) is applied to the word 
line WL0 and an intermediate voltage Vpass (10V) is applied 
to the other word lines, the Voltages of the channel regions rise 
from Vcc-Vth to become, and for example, the voltage of the 
channel region of the memory cell M0 becomes approxi 
mately 8V due to capacitive coupling between the word lines 
and the channel regions. Because the Voltage of the channel 
region of the memory cell MO is boosted to a high voltage, a 
potential difference between the word line WL0 and the chan 
nel region is small, in contrast to the case where “0” is written. 
Accordingly, electron injection by F-N tunnel current does 
not occur in the floating gate electrode of the memory cell M0. 
and electrons remain in the channel region. Thus, the thresh 
old voltage of the memory cell MO is maintained to be nega 
tive (a state in which “1” is held in the memory cell M0). 

Next, data erasing will be described. 
When an erasing operation is performed, as shown in FIG. 

5A, a high negative voltage (-Vers) is applied to all of the 
word lines in a selected block, open Voltage (Open) is applied 
to the bit line BL, the selection gate line SG1, and the selec 
tion gate line SG2, and OV is applied to the source line SL, so 
that the bit line BL and the source line SL are put in a floating 
state. Thus, electrons in floating gate electrodes of all of the 
memory cells in the block are discharged into the semicon 
ductor layer by tunnel current. As a result, threshold Voltages 
of these memory cells shift to the negative direction. 

Alternatively, as shown in FIG. 5B, all of the word lines in 
a selected block is set to 0 V and a high positive voltage 
(+Vers) is applied to the semiconductor substrate 101, open 
voltage (Open) is applied to the bit line BL, the selection gate 
line SG1 and the selection gate line SG2, and OV is applied to 
the source line SL, so that the bit line BL and the source line 
SL are put in a floating state. Thus, electrons in floating gate 
electrodes of all of the memory cells in the block are dis 
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charged into the semiconductor Substrate by tunnel current. 
As a result, threshold voltages of these memory cells shift to 
the negative direction. 

Next data reading will be described. 
In a reading operation shown in FIG. 6, a Voltage of the 

word line WL0 of the memory cell M0 selected for reading is 
set to the voltage Vir (e.g., 0 V), and the word lines WL1 to 
WL31 of unselected memory cells and the selection gate lines 
SG1 and SG2 are set to an intermediate voltage Vread for 
reading. The intermediate Voltage Vread for reading is 
slightly higher than the power supply voltage Vcc. 0 V is 
applied to the source line SL, and the power Supply Voltage 
Vcc is applied to the bit line BL. In this manner, it is detected 
whether or not current is flowing through the memory cell M0 
selected for reading. That is, when the data stored in the 
memory cell MO is “0”, the memory cell MO is off; thus, the 
bit line BL does not discharge electricity. On the other hand, 
in the case where the data stored in the memory cell MO is “1”. 
the memory cell MO is turned on; thus, the bit line BL dis 
charges electricity. 

In each of the first selection transistor S1 and the second 
selection transistor S2 of the memory device described in this 
embodiment, an oxide semiconductor layer is used for a 
channel region. Since a transistorin which an oxide semicon 
ductor layer is used for a channel region has an extremely low 
off-state current, when the data stored in the memory cells are 
“1”, leakage current is not generated in the first selection 
transistorS1 and the second selection transistor S2, so that the 
NAND cell unit N1 can be surely in a floating state. As a 
result, in a memory cell in which data “1” is stored, voltage of 
the channel region is increased from Vcc-Vth due to capaci 
tance coupling between the word line and the channel region 
and thus a potential difference between the word line WL and 
the channel region can be small. In this manner, “1” can be 
surely held and write errors can be suppressed without pro 
viding an additional control circuit. In addition, a reduction in 
the size of a memory device is possible. 

Next, a structure of the memory device will be described 
referring to FIG. 7. 

FIG. 7 is a block diagram illustrating a memory device 
provided with a memory cell array. The memory cell array 
includes a plurality of blocks BLK1, one of which is illus 
trated in FIG.3. A memory device 300 includes a memory cell 
array 301, a column decoder 302, a row decoder 303, and an 
interface circuit 304. The memory cell array 301 includes a 
plurality of memory cells arranged in a matrix. 
The interface circuit 304 generates a signal for driving the 

column decoder 302 and the row decoder 303 on the basis of 
a signal received from the outside and outputs data which is 
read from the memory cell to the outside. 
The column decoder 302 receives a signal for driving the 

memory cell from the interface circuit 304 and generates a 
signal for writing or reading which is to be transmitted to a bit 
line. The row decoder 303 receives a signal for driving the 
memory cell from the interface circuit 304 and generates a 
signal for data writing or reading which is to be transmitted to 
a word line. With the signal which is to be output to the bit line 
from the column decoder 302 and the signal which is to be 
output to the word line from the row decoder 303, the memory 
cell which performs access in the memory cell array 301 is 
uniquely determined. 

In the memory device according to this embodiment, a 
transistor including an oxide semiconductor layer is used as a 
selection transistor. Since the transistor has an extremely low 
off-state current, leakage current can be reduced. Therefore, a 
write error in a memory device can be prevented. Further, the 
selection transistors overlap with the NAND cell unit with the 
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insulating layer interposed therebetween, which enables high 
integration of the memory device. 

Embodiment 2 

In this embodiment, a method for manufacturing the 
memory device described in Embodiment 1 will be described 
with reference to FIGS. 8A to 8C, FIGS. 9A to 9C, and FIG. 
10. 
A first insulating layer, a first conductive layer, a second 

insulating layer, and a second conductive layer are formed 
over the semiconductor substrate 101. The materials and 
structures of the first insulating layer 107, the floating gate 
electrode 109, the second insulating layer 111, and the control 
gate electrode 113 which are described in Embodiment 1 can 
be used as materials and structures of the first insulating layer, 
the first conductive layer, the second insulating layer, and the 
second conductive layer, as appropriate. 
The first insulating layer may beformed by a plasma CVD 

method or a low pressure CVD method, and it is preferable to 
form the first insulating layer by Solid-phase oxidation or 
Solid-phase nitridation by plasma treatment. This is because 
an insulating layer formed by oxidizing or nitriding the semi 
conductor Substrate 101 by plasma treatment is dense, and has 
high withstand voltage and excellent reliability. Since the first 
insulating layer is used as a tunnel insulating layer for inject 
ing charge into the Subsequently formed floating gate elec 
trode 109, such a durable first insulating layer is preferable 
because it can maintain an insulating property even when 
reduced in thickness. 

For solid-phase oxidation or solid-phase nitridation by 
plasma treatment, it is preferable to use plasma excited by a 
microwave (typically 2.45 GHz) at an electron density of 
higher than or equal to 1x10'/cm and lower than or equal to 
1x10"/cm at an electrontemperature of higher than or equal 
to 0.5 eV and lower than or equal to 1.5 eV. 

In the case of oxidation of the surface of the semiconductor 
substrate 101 by the plasma treatment, the plasma treatment is 
performed in an oxygen atmosphere (e.g., in an atmosphere 
containing oxygen or dinitrogen monoxide and a rare gas 
(containing at least one of He, Ne, Ar, Kr, and Xe), or in an 
atmosphere containing oxygen or dinitrogen monoxide and 
hydrogen and a rare gas). In the case of nitridation of the 
surface of the semiconductor substrate 101 by the plasma 
treatment, the plasma treatment is performed in a nitrogen 
atmosphere (e.g., in an atmosphere containing nitrogen and a 
rare gas (containing at least one of He, Ne, Ar, Kr, and Xe), in 
an atmosphere containing nitrogen, hydrogen, and a rare gas, 
or in an atmosphere containing ammonia and a rare gas). As 
a rare gas, Arcan be used, for example. Alternatively, a gas in 
which Ar and Krare mixed may be used. 

The first conductive layer and the second conductive layer 
are formed by a sputtering method, a CVD method, an evapo 
ration method, or the like. 
The second insulating layer is formed by a sputtering 

method, a CVD method, an evaporation method, or the like. 
Next, a mask is formed over the second conductive layer 

through a photolithography process, and then the first insu 
lating layer, the first conductive layer, the second insulating 
layer, and the second conductive layer are etched by an etch 
ing step to form the first insulating layer 107, the floating gate 
electrode 109, the second insulating layer 111, and the control 
gate electrode 113 as illustrated in FIG. 8A. 

Next, an impurity is added to the semiconductor substrate 
101 using the first insulating layer 107, the floating gate 
electrode 109, the second insulating layer 111, and the control 
gate electrode 113 as a mask, and then heat treatment is 
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performed in order to activate the impurity so that the impu 
rity region 105 is formed as illustrated in FIG. 8B. For the 
addition of the impurity, an ion doping method, an ion 
implantation method, or the like is employed as appropriate. 
In the case where the semiconductor substrate 101 has p-type 
conductivity, phosphorus or arsenic is added as the impurity. 
In the case where the semiconductor substrate 101 has n-type 
conductivity, boron is added as the impurity. 

Through the above steps, the NAND cell unit N1 in which 
memory cells 115 are connected in series can be formed. 

Next, as illustrated in FIG. 8C, the insulating layer 117 is 
formed over the semiconductor substrate 101 and the memory 
cells 115. The insulating layer 117 is formed in such a manner 
that an insulating layer is formed over the semiconductor 
substrate 101 and the memory cells 115 by a sputtering 
method, a CVD method, a coating method, a printing method, 
or the like, and then the insulating layer is planarized by a 
chemical mechanical polishing (CMP) method. With use of 
the insulating layer 117 that is planarized, variations in elec 
tric characteristics between the subsequently formed the 
selection transistors 141 and 143 can be reduced. In addition, 
the selection transistors 141 and 143 can be formed with high 
yield. 

Then, a conductive layer is formed over the insulating layer 
117. A mask is formed over the conductive layer through a 
photolithography process, and the conductive layer is etched 
using the mask to form the gate electrodes 121 and 123 over 
the insulating layer 117. The conductive layer to be the gate 
electrodes 121 and 123 is formed by a sputtering method, a 
CVD method, an evaporation method, or the like. 

Next, the gate insulating layer 125 is formed over the 
insulating layer 117 and the gate electrodes 121 and 123 (see 
FIG. 9A). The gate insulating layer 125 is formed by a sput 
tering method, a CVD method, an evaporation method, or the 
like. 

Then, a mask is formed over the gate insulating layer 125 
through a photolithography process, and the insulating layer 
117 and the gate insulating layer 125 are etched using the 
mask to form the openings 126 and 130. 

Next, a conductive layer is formed over the gate insulating 
layer 125 and the openings 126 and 130, a mask is formed 
over the conductive layer through a photolithography pro 
cess, and the conductive layer is etched using the mask to 
form the pair of electrodes 127 and 129 and the pair of 
electrodes 131 and 133 over the insulating layer 117 and the 
gate insulating layer 125. The conductive layer to be the pair 
of electrodes 127 and 129 and the pair of electrodes 131 and 
133 is formed by a sputtering method, a CVD method, an 
evaporation method, or the like (see FIG. 9B). 
An oxide semiconductor layer is formed over the gate 

insulating layer 125 and the pair of electrodes 127 and 129 
and the pair of electrodes 131 and 133. The oxide semicon 
ductor layer can be formed by a sputtering method, a coating 
method, a printing method, or a pulsed laser deposition 
method, for example. 
By forming the oxide semiconductor layer while the sub 

strate is heated to a temperature of higher than or equal to 
150° C. and lower than or equal to 450° C., preferably higher 
than or equal to 200° C. and lower than or equal to 350° C. 
entry of moisture (including hydrogen) or the like into the 
film can be prevented. In addition, an oxide semiconductor 
layer including a c-axis aligned crystal material can be 
formed. 

Before the formation of the oxide semiconductor layer, 
heat treatment is preferably performed to eliminate hydrogen 
contained in all the layers between the semiconductor sub 
strate 101 and the pair of electrodes 127 and 129 and the pair 
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of electrodes 131 and 133. Note that the heat treatment is 
preferably performed at a temperature at which oxygen is not 
eliminated from the gate insulating layer 125. 

Next, heat treatment is performed. The temperature of the 
heat treatment is higher than or equal to 150° C. and lower 
than or equal to 650° C., preferably higher than or equal to 
200° C. and lower than or equal to 500°C. In addition, heating 
time of the heat treatment is longer than or equal to 1 minute 
and shorter than or equal to 24 hours. Note that after the 
temperature of the heat treatment is gradually increased, the 
temperature may be set constant. By the heat treatment, the 
hydrogen concentration in the oxide semiconductor layer can 
be reduced. In addition, the heat treatment allows oxygen 
contained in the gate insulating layer 125 to be diffused into 
the oxide semiconductor layer, thus, oxygen defects in the 
oxide semiconductor layer can be reduced. 
The heat treatment is preferably performed in a rare gas 

(typically argon) atmosphere, an oxygen atmosphere, a nitro 
gen atmosphere, a dry air atmosphere, a mixed atmosphere of 
a rare gas (typically, argon) and oxygen, or a mixed atmo 
sphere of a rare gas and nitrogen. Specifically, a high-purity 
gas atmosphere is preferably used, in which the concentration 
of impurities such as hydrogen is reduced to approximately 
several parts per million (ppm) or several parts per billion 
(ppb). 
A heat treatment apparatus used for the heat treatment is 

not limited to a particular apparatus, and the apparatus may be 
provided with a device for heating an object to be processed 
by heat radiation or heat conduction from a heating element 
Such as a resistance heating element. Examples of the heat 
treatment apparatus include an electric furnace, or a rapid 
thermal annealing (RTA) apparatus such as a gas rapid ther 
mal annealing (GRTA) apparatus or a lamp rapid thermal 
annealing (LRTA) apparatus. An LRTA apparatus is an appa 
ratus for heating an object to be processed by radiation of light 
(an electromagnetic wave) emitted from a lamp such as a 
halogen lamp, a metalhalide lamp, a Xenonarc lamp, a carbon 
arc lamp, a high pressure sodium lamp, or a high pressure 
mercury lamp. A GRTA apparatus is an apparatus for heat 
treatment using a high-temperature gas. 

Next, a mask is formed over the oxide semiconductor layer 
through a photolithography process, and then the oxide semi 
conductor layer is etched using the mask to form the oxide 
semiconductor layers 135 and 137. 

Next, the insulating layer 139 may be formed over the gate 
insulating layer 125, the pair of electrodes 127 and 129, the 
pair of electrodes 131 and 133, and the oxide semiconductor 
layers 135 and 137 (see FIG.9C). The insulating layer 139 is 
formed by a sputtering method, a CVD method, an evapora 
tion method, or the like. 

After the formation of the insulating layer 139, heat treat 
ment (temperature range: higher than or equal to 150° C. and 
lower than or equal to 650°C., preferably higher than or equal 
to 200° C. and lower than or equal to 500° C.) may be per 
formed in an atmosphere which contains little hydrogen and 
moisture (such as a nitrogen atmosphere, an oxygen atmo 
sphere, or a dry air atmosphere (in terms of moisture, for 
example, the dew point is lower than or equal to -40°C., 
preferably lower than or equal to -60°C.)). 

Through the above steps, the selection transistors 141 and 
143 can be manufactured. 

Next, the insulating layer 145 is formed. The insulating 
layer 145 can be formed in a manner similar to that of the 
insulating layer 117. 

Then, a mask is formed over the insulating layer 145 
through a photolithography process, and the insulating layer 
145 is etched using the mask to form the opening 146. Then, 
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a conductive layer is formed over the insulating layer 145 and 
the opening 146, a mask is formed over the conductive layer 
through a photolithography process, and the conductive layer 
is etched using the mask to form the conductive layer 147 over 
the insulating layer 145. The conductive layer to be the con 
ductive layer 147 is formed by a sputtering method, a CVD 
method, an evaporation method, or the like (see FIG. 10). 

Through the above steps, the NAND cell unit and the 
selection transistors 141 and 143 having an extremely low 
off-state current can be manufactured. Therefore, a memory 
device in which a write error can be prevented can be manu 
factured. Since the selection transistors overlap with the 
NAND cell unit with the insulating layer interposed therebe 
tween, a highly integrated memory device can be manufac 
tured. 

Embodiment 3 

In this embodiment, a transistor which includes an oxide 
semiconductor layer and has a structure different from the 
structures in Embodiments 1 and 2 will be described. 
A transistor 901 illustrated in FIG. 11A includes an oxide 

semiconductor layer 903 which is formed over the insulating 
layer 117 and functions as an active layer; a pair of electrodes 
904 and 905 formed over the oxide semiconductor layer 903; 
a gate insulating layer 906 over the oxide semiconductor layer 
903, and the pair of electrodes 904 and 905; and a gate 
electrode 907 which is provided over the gate insulating layer 
906 so as to overlap with the oxide semiconductor layer 903. 
The transistor 901 illustrated in FIG. 11A is of a top-gate 

type where the gate electrode 907 is formed over the oxide 
semiconductor layer 903, and is also of a top-contact type 
where the pair of electrodes 904 and 905 are formed over the 
oxide semiconductor layer 903. In the transistor 901, the pair 
of electrodes 904 and 905 do not overlap with the gate elec 
trode 907. That is, the distance between the gate electrode 907 
and each of the pair of electrodes 904 and 905 is larger than 
the thickness of the gate insulating layer 906. Therefore, in 
the transistor 901, the parasitic capacitance generated 
between the gate electrode 907 and each of the pair of elec 
trodes 904 and 905 can be small, so that the transistor 901 can 
operate at high speed. 
The oxide semiconductor layer 903 includes a pair of high 

concentration regions 908 which are obtained by addition of 
dopant imparting n-type conductivity to the oxide semicon 
ductor layer 903 after formation of the gate electrode 907. 
Further, the oxide semiconductor layer 903 includes a chan 
nel region 909 which overlaps with the gate electrode 907 
with the gate insulating layer 906 interposed therebetween. In 
the oxide semiconductor layer 903, the channel region 909 is 
provided between the pair of high-concentration regions 908. 
The addition of dopant for forming the high-concentration 
regions 908 can be performed by an ion implantation method. 
As the dopant, for example, a rare gas Such as helium, argon, 
or Xenon, a Group 15 element Such as nitrogen, phosphorus, 
arsenic, or antimony, or the like can be used. 

For example, in the case where nitrogen is used as the 
dopant, the concentration of nitrogenatoms in the high-con 
centration regions 908 is preferably higher than or equal to 
5x10'/cm and lower than or equal to 1x10/cm. 
The high-concentration regions 908 to which the dopant 

imparting n-type conductivity is added have higher conduc 
tivity than the other regions in the oxide semiconductor layer 
903. Therefore, by providing the high-concentration regions 
908 in the oxide semiconductor layer 903, the resistance 
between the pair of electrodes 904 and 905 can be decreased. 
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In the case where an In-Ga-Zn-based oxide semicon 
ductor is used for the oxide semiconductor layer 903, heat 
treatment is performed at a temperature higher than or equal 
to 300° C. and lower than or equal to 600° C. for one hour after 
nitrogen is added. Consequently, the oxide semiconductor in 
the high-concentration regions 908 has a wurtzite crystal 
structure. Since the oxide semiconductor in the high-concen 
tration regions 908 has a wurtzite crystal structure, the con 
ductivity of the high-concentration regions 908 can be further 
increased and the resistance between the pair of electrodes 
904 and 905 can be decreased. Note that in order to effectively 
decrease the resistance between the pair of electrodes 904 and 
905 by forming an oxide semiconductor having a wurtzite 
crystal structure, in the case of using nitrogen as the dopant, 
the concentration of nitrogenatoms in the high-concentration 
regions 908 is preferably higher than or equal to 1x10"/cm 
and lower than or equal to 7 atoms '%. However, there is also 
a case where an oxide semiconductor having a wurtzite crys 
tal structure can be obtained even when the concentration of 
nitrogen atoms is lower than the above range. 
The oxide semiconductor layer 903 may include a CAAC 

oxide semiconductor. In the case where the oxide semicon 
ductor layer 903 includes a CAAC oxide semiconductor, the 
conductivity of the oxide semiconductor layer 903 can be 
increased as compared to the case of an amorphous semicon 
ductor; thus, the resistance between the pair of electrodes 904 
and 905 can be decreased. 
By decreasing the resistance between the pair of electrodes 

904 and 905, high on-state current and high-speed operation 
can be ensured even when the transistor 901 is miniaturized. 
With the miniaturization of the transistor 901, the area occu 
pied by the memory cell can be reduced and the storage 
capacity per unit area in a cell array can be increased. 
A transistor 911 illustrated in FIG. 11B includes a source 

electrode 914 and a drain electrode 915 formed over the 
insulating layer 117; an oxide semiconductor layer 913 which 
is formed over the source electrode 914 and the drain elec 
trode 915 and functions as an active layer; a gate insulating 
layer 916 over the oxide semiconductor layer 913, and the 
source electrode 914 and the drain electrode 915; and a gate 
electrode 917 which is provided over the gate insulating layer 
916 so as to overlap with the oxide semiconductor layer 913. 
The transistor 911 illustrated in FIG. 11B is of a top-gate 

type where the gate electrode 917 is formed over the oxide 
semiconductor layer 913, and is also of a bottom-contact type 
where the Source electrode 914 and the drain electrode 915 
are formed below the oxide semiconductor layer 913. In the 
transistor 911, the source electrode 914 and the drain elec 
trode 915 do not overlap with the gate electrode 917 as in the 
transistor 901; thus, the parasitic capacitance generated 
between the gate electrode 917 and each of the source elec 
trode 914 and the drain electrode 915 can be small, so that the 
transistor 911 can operate at high speed. 

The oxide semiconductor layer 913 includes a pair of high 
concentration regions 918 which are obtained by addition of 
dopant imparting n-type conductivity to the oxide semicon 
ductor layer 913 after formation of the gate electrode 917. 
Further, the oxide semiconductor layer 913 includes a chan 
nel region 919 which overlaps with the gate electrode 917 
with the gate insulating layer 916 interposed therebetween. In 
the oxide semiconductor layer 913, the channel region 919 is 
provided between the pair of high-concentration regions 918. 

Like the above-described high-concentration regions 908 
included in the transistor 901, the high-concentration regions 
918 can be formed by an ion implantation method. The kind 
of dopant in the case of the high-concentration regions 908 
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can be referred to for the kind of dopant for forming the 
high-concentration regions 918. 

For example, in the case where nitrogen is used as the 
dopant, the concentration of nitrogenatoms in the high-con 
centration regions 918 is preferably higher than or equal to 
5x10'/cm and lower than or equal to 1x10/cm. 
The high-concentration regions 918 to which the dopant 

imparting n-type conductivity is added have higher conduc 
tivity than the other regions in the oxide semiconductor layer 
913. Therefore, by providing the high-concentration regions 
918 in the oxide semiconductor layer 913, the resistance 
between the source electrode 914 and the drain electrode 915 
can be decreased. 

In the case where an In-Ga—Zn-based oxide semicon 
ductor is used for the oxide semiconductor layer 913, heat 
treatment is performed at a temperature higher than or equal 
to 300° C. and lower than or equal to 600° C. after nitrogen is 
added. Consequently, the oxide semiconductor in the high 
concentration regions 918 has a wurtzite crystal structure. 
Since the oxide semiconductor in the high-concentration 
regions 918 has a wurtzite crystal structure, the conductivity 
of the high-concentration regions 918 can be further 
increased and the resistance between the source electrode 914 
and the drain electrode 915 can be decreased. Note that in 
order to effectively decrease the resistance between the 
source electrode 914 and the drain electrode 915 by forming 
an oxide semiconductor having a wurtzite crystal structure, in 
the case of using nitrogen as the dopant, the concentration of 
nitrogen atoms in the high-concentration regions 918 is pref 
erably higher than or equal to 1x10'/cm and lower than or 
equal to 7 atoms '%. However, there is also a case where an 
oxide semiconductor having a wurtzite crystal structure can 
be obtained even when the concentration of nitrogenatoms is 
lower than the above range. 
The oxide semiconductor layer 913 may include a CAAC 

oxide semiconductor. In the case where the oxide semicon 
ductor layer 913 includes a CAAC oxide semiconductor, the 
conductivity of the oxide semiconductor layer 913 can be 
increased as compared to the case of an amorphous semicon 
ductor: thus, the resistance between the source electrode 914 
and the drain electrode 915 can be decreased. 
By decreasing the resistance between the source electrode 

914 and the drain electrode 915, high on-state current and 
high-speed operation can be ensured even when the transistor 
911 is miniaturized. With the miniaturization of the transistor 
911, the area occupied by the storage element including the 
transistor can be reduced and the storage capacity per unit 
area can be increased. 
A transistor 921 illustrated in FIG. 11C includes an oxide 

semiconductor layer 923 which is formed over the insulating 
layer 117 and functions as an active layer; a pair of electrodes 
924 and 923 formed over the oxide semiconductor layer 923; 
agate insulating layer 926 over the oxide semiconductor layer 
923, and the pair of electrodes 924 and 925; and a gate 
electrode 927 which is provided over the gate insulating layer 
926 so as to overlap with the oxide semiconductor layer 923. 
In addition, the transistor 921 includes a sidewall 930 which 
is formed of an insulating film and is provided on a side 
surface of the gate electrode 927. 
The transistor 921 illustrated in FIG. 11C is of a top-gate 

type where the gate electrode 927 is formed over the oxide 
semiconductor layer 923, and is also of a top-contact type 
where the pair of electrodes 924 and 925 are formed over the 
oxide semiconductor layer 923. In the transistor 921, the pair 
of electrodes 924 and 925 does not overlap with the gate 
electrode 927 as in the transistor 901; thus, the parasitic 
capacitance generated between the gate electrode 927 and 
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each of the pair of electrodes 924 and 925 can be small, so that 
the transistor 921 can operate at high speed. 

The oxide semiconductor layer 923 includes a pair of high 
concentration regions 928 and a pair of low-concentration 
regions 929 which are obtained by addition of dopant impart 
ing n-type conductivity to the oxide semiconductor layer 923 
after formation of the gate electrode 927. Further, the oxide 
semiconductor layer923 includes a channel region 931 which 
overlaps with the gate electrode 927 with the gate insulating 
layer 926 interposed therebetween. In the oxide semiconduc 
tor layer 923, the channel region 931 is provided between the 
pair of low-concentration regions 929 which are provided 
between the pair of high-concentration regions 928. The pair 
of low-concentration regions 929 is provided in a region 
which is in the oxide semiconductor layer 923 and overlaps 
with the sidewall 930 with the gate insulating layer 926 inter 
posed therebetween. 

Like the above-described high-concentration regions 908 
included in the transistor 901, the high-concentration regions 
928 and the low-concentration regions 929 can be formed by 
anion implantation method. The kind of dopant in the case of 
the high-concentration regions 908 can be referred to for the 
kind of dopant for forming the high-concentration regions 
928. 

For example, in the case where nitrogen is used as the 
dopant, the concentration of nitrogen atoms in the high-con 
centration regions 928 is preferably higher than or equal to 
5x10'/cm and lower than or equal to 1x10/cm. Further, 
for example, in the case where nitrogen is used as the dopant, 
the concentration of nitrogen atoms in the low-concentration 
regions 929 is preferably higher than or equal to 5x10"/cm 
and lower than 5x10'/cm. 
The high-concentration regions 928 to which the dopant 

imparting n-type conductivity is added have higher conduc 
tivity than the other regions in the oxide semiconductor layer 
923. Therefore, by providing the high-concentration regions 
928 in the oxide semiconductor layer 923, the resistance 
between the pair of electrodes 924 and 925 can be decreased. 
The low-concentration regions 929 are provided between the 
channel region 931 and the high-concentration regions 928, 
whereby a negative shift of the threshold voltage due to a 
short-channel effect can be reduced. 

In the case where an In-Ga-Zn-based oxide semicon 
ductor is used for the oxide semiconductor layer 923, heat 
treatment is performed at a temperature higher than or equal 
to 300° C. and lower than or equal to 600° C. after nitrogen is 
added. Consequently, the oxide semiconductor in the high 
concentration regions 928 has a wurtzite crystal structure. 
Further, depending on the nitrogen concentration, the low 
concentration regions 929 also have a wurtzite crystal struc 
ture due to the heat treatment. Since the oxide semiconductor 
in the high-concentration regions 928 has a wurtzite crystal 
structure, the conductivity of the high-concentration regions 
928 can be further increased and the resistance between the 
pair of electrodes 924 and 925 can be decreased. Note that in 
order to effectively decrease the resistance between the pair of 
electrodes 924 and 925 by forming an oxide semiconductor 
having a wurtzite crystal structure, in the case of using nitro 
gen as the dopant, the concentration of nitrogen atoms in the 
high-concentration regions 928 is preferably higher than or 
equal to 1x10'/cm and lower than or equal to 7 atoms %. 
However, there is also a case where an oxide semiconductor 
having a wurtzite crystal structure can be obtained even when 
the concentration of nitrogen atoms is lower than the above 
range. 
The oxide semiconductor layer 923 may include a CAAC 

oxide semiconductor. In the case where the oxide semicon 
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ductor layer 923 includes a CAAC oxide semiconductor, the 
conductivity of the oxide semiconductor layer 923 can be 
increased as compared to the case of an amorphous semicon 
ductor; thus, the resistance between the pair of electrodes 924 
and 925 can be decreased. 
By decreasing the resistance between the pair of electrodes 

924 and 925, high on-state current and high-speed operation 
can be ensured even when the transistor 921 is miniaturized. 
With the miniaturization of the transistor 921, the area occu 
pied by a memory cell can be reduced and the storage capacity 
per unit area in a cell array can be increased. 
A transistor 941 illustrated in FIG. 11D includes a pair of 

electrodes 944 and 945 formed over the insulating layer 117; 
an oxide semiconductor layer 943 which is formed over the 
pair of electrodes 944 and 945 and functions as an active 
layer; a gate insulating layer 946 over the oxide semiconduc 
tor layer 943, and the pair of electrodes 944 and 945; and a 
gate electrode 947 which is provided over the gate insulating 
layer 946 so as to overlap with the oxide semiconductor layer 
943. In addition, the transistor 941 includes a sidewall 950 
which is formed of an insulating layer and is provided on a 
side surface of the gate electrode 947. 
The transistor 941 illustrated in FIG. 11D is of a top-gate 

type where the gate electrode 947 is formed over the oxide 
semiconductor layer 943, and is also of a bottom-contact type 
where the pair of electrodes 944 and 945 are formed below the 
oxide semiconductor layer 943. In the transistor 941, the pair 
of electrodes 944 and 945 does not overlap with the gate 
electrode 947 as in the transistor 901. Therefore, the parasitic 
capacitance generated between the gate electrode 947 and 
each of the pair of electrodes 944 and 945 can be small, so that 
the transistor 941 can operate at high speed. 
The oxide semiconductor layer 943 includes a pair of high 

concentration regions 948 and a pair of low-concentration 
regions 949 which are obtained by addition of dopant impart 
ing n-type conductivity to the oxide semiconductor layer 943 
after formation of the gate electrode 947. Further, the oxide 
semiconductor layer 943 includes a channel region 951 which 
overlaps with the gate electrode 947 with the gate insulating 
layer 946 interposed therebetween. In the oxide semiconduc 
tor layer 943, the channel region 951 is provided between the 
pair of low-concentration regions 949 which are provided 
between the pair of high-concentration regions 948. The pair 
of low-concentration regions 949 is provided in a region 
which is in the oxide semiconductor layer 943 and overlaps 
with the sidewall 950 with the gate insulating layer 946 inter 
posed therebetween. 

Like the above-described high-concentration regions 908 
included in the transistor 901, the high-concentration regions 
948 and the low-concentration regions 949 can be formed by 
anion implantation method. The kind of dopant in the case of 
the high-concentration regions 908 can be referred to for the 
kind of dopant for forming the high-concentration regions 
948. 

For example, in the case where nitrogen is used as the 
dopant, the concentration of nitrogenatoms in the high-con 
centration regions 948 is preferably higher than or equal to 
5x10'/cm and lower than or equal to 1x10°/cm. Further, 
for example, in the case where nitrogen is used as the dopant, 
the concentration of nitrogen atoms in the low-concentration 
regions 949 is preferably higher than or equal to 5x10"/cm 
and lower than 5x10"/cm. 
The high-concentration regions 948 to which the dopant 

imparting n-type conductivity is added have higher conduc 
tivity than the other regions in the oxide semiconductor layer 
943. Therefore, by providing the high-concentration regions 
948 in the oxide semiconductor layer 943, the resistance 
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between the pair of electrodes 944 and 945 can be decreased. 
The low-concentration regions 949 are provided between the 
channel region 951 and the high-concentration regions 948, 
whereby a negative shift of the threshold voltage due to a 
short-channel effect can be reduced. 

In the case where an In-Ga-Zn-based oxide semicon 
ductor is used for the oxide semiconductor layer 943, heat 
treatment is performed at a temperature higher than or equal 
to 300° C. and lower than or equal to 600° C. after nitrogen is 
added. Consequently, the oxide semiconductor in the high 
concentration regions 948 has a wurtzite crystal structure. 
Further, depending on the nitrogen concentration, the low 
concentration regions 949 also have a wurtzite crystal struc 
ture due to the heat treatment. Since the oxide semiconductor 
in the high-concentration regions 948 has a wurtzite crystal 
structure, the conductivity of the high-concentration regions 
948 can be further increased and the resistance between the 
pair of electrodes 944 and 945 can be decreased. Note that in 
order to effectively decrease the resistance between the pair of 
electrodes 944 and 945 by forming an oxide semiconductor 
having a wurtzite crystal structure, in the case of using nitro 
gen as the dopant, the concentration of nitrogen atoms in the 
high-concentration regions 948 is preferably higher than or 
equal to 1x10'/cm and lower than or equal to 7 atoms %. 
However, there is also a case where an oxide semiconductor 
having a wurtzite crystal structure can be obtained even when 
the concentration of nitrogen atoms is lower than the above 
range. 
The oxide semiconductor layer 943 may include a CAAC 

oxide semiconductor. In the case where the oxide semicon 
ductor layer 943 includes a CAAC oxide semiconductor, the 
conductivity of the oxide semiconductor layer 943 can be 
increased as compared to the case of an amorphous semicon 
ductor; thus, the resistance between the pair of electrodes 944 
and 945 can be decreased. 
By decreasing the resistance between the pair of electrodes 

944 and 945, high on-state current and high-speed operation 
can be ensured even when the transistor 941 is miniaturized. 
With the miniaturization of the transistor 941, the area occu 
pied by a memory cell can be reduced and the storage capacity 
per unit area in a cell array can be increased. 

Note that as a method for forming high-concentration 
regions functioning as a source region and a drain region in a 
self-aligning process in a transistor including an oxide semi 
conductor, disclosed is a method in which a Surface of an 
oxide semiconductor layer is exposed and argon plasma treat 
ment is performed so that the resistivity of a region which is 
exposed to plasma in the oxide semiconductor layer is 
decreased (S. Jeon et al., “180 nm Gate Length. Amorphous 
InGaZnO Thin Film Transistor for High Density Image Sen 
sor Applications”, IEDM Tech. Dig., pp. 504-507, 2010). 

However, in the above manufacturing method, after a gate 
insulating layer is formed, the gate insulating layer needs to 
be partially removed so that a portion which is to be the source 
region and the drain region is exposed. Therefore, at the time 
of removing the gate insulating layer, the oxide semiconduc 
tor layer which is below the gate insulating layer is partially 
over-etched: thus, the thickness of the portion which is to be 
the Source region and the drain region becomes Small. As a 
result, the resistance of the source region and the drain region 
is increased, and defects of transistor characteristics due to 
overetching easily occur. 

In order to promote miniaturization of a transistor, a dry 
etching method with which high processing accuracy can be 
provided needs to be employed. However, the overetching 
easily occurs remarkably in the case where a dry etching 
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method with which the selectivity of a gate insulating layer to 
an oxide semiconductor layer is not sufficiently obtained is 
employed. 

For example, the overetching does not become a problem 
as long as the oxide semiconductor layer has an enough 
thickness; however, when the channel length is 200 nm or 
shorter, the thickness of the oxide semiconductor layer in a 
region which is to be a channel region needs to be 20 nm or 
shorter, preferably 10 nm or shorter so that a short-channel 
effect can be prevented. When such a thin oxide semiconduc 
tor layer is used, the overetching of the oxide semiconductor 
layer is not preferable because the resistance of the source 
region and the drain region is increased and defects of tran 
sistor characteristics occur as described above. 

However, as in one embodiment of the present invention, 
addition of dopant to an oxide semiconductor layer is per 
formed in the state where a gate insulating layer is left so as 
not to expose the oxide semiconductor, thus, the overetching 
of the oxide semiconductor layer can be prevented and exces 
sive damage to the oxide semiconductor layer can be reduced. 
In addition, the interface between the oxide semiconductor 
layer and the gate insulating layer is kept clean. Therefore, the 
characteristics and reliability of the transistor can be 
improved. 

This embodiment can be implemented in combination with 
any of the above embodiments. 
This application is based on Japanese Patent Application 
serial no. 2011-004874 filed with Japan Patent Office on Jan. 
13, 2011, the entire contents of which are hereby incorporated 
by reference. 
What is claimed is: 
1. A memory device comprising: 
a NAND cell unit including a plurality of memory cells 

connected in series; 
a first selection transistor connected to a first terminal of the 
NAND cell unit: 

a second selection transistor connected to a second termi 
nal of the NAND cell unit; 

a source line connected to the first selection transistor, and 
a bit line connected to the second selection transistor, 
wherein each of the first selection transistor and the second 

Selection transistor comprises an oxide semiconductor 
layer including a channel region, 

wherein the first selection transistor overlaps with the 
NAND cell unit with an insulating layer interposed 
between the first selection transistor and the NAND cell 
unit, and 

wherein the second selection transistor overlaps with the 
NAND cell unit with the insulating layer interposed 
between the second selection transistor and the NAND 
cell unit. 

2. The memory device according to claim 1, wherein the 
oxide semiconductor layer comprises two or more elements 
selected from In, Ga, Sn, and Zn. 

3. The memory device according to claim 1, 
wherein each of the plurality of memory cells comprises a 

transistor, and 
wherein a channel region of the transistor comprises a 

silicon. 
4. The memory device according to claim 1, 
wherein each of the plurality of memory cells comprises a 

transistor, and 
wherein the transistor comprises a channel region formed 

in a semiconductor Substrate. 
5. A memory device comprising: 
a NAND cell unit including a plurality of memory cells 

connected in series; 
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a first selection transistor provided between a first terminal 
of the NAND cell unit and a source line; and 

a second selection transistor provided between a second 
terminal of the NAND cell unit and a bit line, 

wherein the first selection transistor is connected to the first 
terminal of the NAND cell unit and the source line, 

wherein the second selection transistor is connected to the 
second terminal of the NAND cell unit and the bit line, 

wherein each of the first selection transistor and the second 
Selection transistor comprises an oxide semiconductor 
layer including a channel region, 

wherein the first selection transistor overlaps with the 
NAND cell unit with an insulating layer interposed 
between the first selection transistor and the NAND cell 
unit, and 

wherein the second selection transistor overlaps with the 
NAND cell unit with the insulating layer interposed 
between the second selection transistor and the NAND 
cell unit. 

6. The memory device according to claim 5, wherein the 
oxide semiconductor layer comprises two or more elements 
selected from In, Ga, Sn, and Zn. 

7. The memory device according to claim 5, 
wherein each of the plurality of memory cells comprises a 

transistor, and 
wherein a channel region of the transistor comprises a 

silicon. 
8. The memory device according to claim 5, 
wherein each of the plurality of memory cells comprises a 

transistor, and 
wherein the transistor comprises a channel region formed 

in a semiconductor Substrate. 
9. A memory device comprising: 
a NAND cell unit including a plurality of memory cells 

connected in series; 
a first selection transistor; and 
a second selection transistor, 
wherein a first terminal of the first selection transistor is 

connected to a source line, 
wherein a second terminal of the first selection transistoris 

connected to a first terminal of the NAND cell unit, 
wherein a first terminal of the second selection transistoris 

connected to a bit line, 
wherein a second terminal of the second selection transis 

tor is connected to a second terminal of the NAND cell 
unit, and 

wherein each of the first selection transistor and the second 
Selection transistor comprises an oxide semiconductor 
layer including a channel region, 

wherein the first selection transistor overlaps with the 
NAND cell unit with an insulating layer interposed 
between the first selection transistor and the NAND cell 
unit, and 

wherein the second selection transistor overlaps with the 
NAND cell unit with the insulating layer interposed 
between the second selection transistor and the NAND 
cell unit. 

10. The memory device according to claim 9, wherein the 
oxide semiconductor layer comprises two or more elements 
selected from In, Ga, Sn, and Zn. 

11. The memory device according to claim 9. 
wherein each of the plurality of memory cells comprises a 

transistor, and 
wherein a channel region of the transistor comprises a 

silicon. 
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12. The memory device according to claim 9. 
wherein each of the plurality of memory cells comprises a 

transistor, and 
wherein the transistor comprises a channel region formed 

in a semiconductor Substrate. 
13. A memory device comprising: 
a first transistor, 
a second transistor; 
a third transistor comprising a first floating gate electrode: 
a fourth transistor comprising a second floating gate elec 

trode: 
a source line electrically connected to one of a source and 

a drain of the first transistor, and 
a bit line electrically connected to one of a source and a 

drain of the second transistor, 
wherein the other of the source and the drain of the first 

transistor is electrically connected to the other of the 
Source and the drain of the second transistor through the 
third transistor and the fourth transistor, 

wherein the third transistor and the fourth transistor are 
connected in series between the first transistor and the 
second transistor, 

wherein each of the first transistorand the second transistor 
comprises an oxide semiconductor layer including a 
channel region, and 

wherein the third transistor and the fourth transistor does 
not comprise an oxide semiconductor layer. 

14. The memory device according to claim 13, wherein the 
oxide semiconductor layer comprises two or more elements 
selected from In, Ga, Sn, and Zn. 

15. The memory device according to claim 13, 
wherein each of channel regions of the third transistor and 

the fourth transistor comprises a silicon. 
16. The memory device according to claim 13, wherein the 

first transistor and the second transistor are provided over the 
third transistor and the fourth transistor. 

17. The memory device according to claim 13, wherein a 
region of one of a source and a drain of the third transistor and 
one of a source and a drain of the fourth transistor is shared 
with each other. 

18. A memory device comprising: 
a first transistor, 
a second transistor; 
a third transistor comprising a first floating gate electrode: 
a fourth transistor comprising a second floating gate elec 

trode: 
a source line electrically connected to one of a source and 

a drain of the first transistor, and 
a bit line electrically connected to one of a source and a 

drain of the second transistor, 
wherein the other of the source and the drain of the first 

transistor is electrically connected to the other of the 
Source and the drain of the second transistor through the 
third transistor and the fourth transistor, 

wherein the third transistor and the fourth transistor are 
connected in series between the first transistor and the 
second transistor, 

wherein each of the first transistorand the second transistor 
comprises an oxide semiconductor layer including a 
channel region, and 

wherein each of the third transistor and the fourth transistor 
comprises a channel region formed in a semiconductor 
Substrate. 

19. The memory device according to claim 18, wherein the 
oxide semiconductor layer comprises two or more elements 
selected from In, Ga, Sn, and Zn. 
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20. The memory device according to claim 18, 
wherein each of the channel regions of the third transistor 

and the fourth transistor comprises a silicon. 
21. The memory device according to claim 18, wherein the 

first transistor and the second transistor are provided over the 
third transistor and the fourth transistor. 

22. The memory device according to claim 18, wherein a 
region of one of a source and a drain of the third transistor and 
one of a source and a drain of the fourth transistor is shared 
with each other. 10 
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